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(57) Abstract 

A process and apparatus has been developed for radioassay of li- 
gand in solution which eliminates the separation step required in con- 
ventional techniques. A chamber (10) is provided containing a quench- 
ing solution (22), a plurality of ligand molecules (LM) and a plurality of 
receptor molecules (R). One of pluralities forms a free species labelled 
with a beta particle emitter (LM*) while the other is inimobiliad on a 
solid support (16), e.g>, the chamber wall or a microbead, within the 
chamber 00). ligand (L) introduced with the sample competes with li- 
gand molecules (LM) already in the chamber for receptor sites on the re- 
ceptor molecules (R) and the free species is allowed to diffuse about the 
chamber (10). A beta particle detector (14) in communication with the 
chamber (10) at a fixed position detects only those beta particles omitted 
from within the quenching distance of the quenching solution (22). The 
quenching properties of the solution (22) arc used in place of the conven- 
tional separation step. Tne process and apparatus are easily adapted for 
continuous monitoring of ligand level and are particular* well 1 suited for 
use in radioimmunoassays. The apparatus can be miniaturized Wowing 
implantation in an animal body and in vivo monitdring of ligand Jevei in 
bodily fluids. 
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A METHOD AND APPARATUS FOR LIGAN D DETECTION 



Background of t he Invention 

The present invention relates to the detec- 
tion of ligand in solution.. More particularly, the 
invention.relates to a process and apparatus for per- 
5 forming homogeneous radioassays which do not require 
the separation step of conventional assays. 
Elimination of the separation step permits continuous 
monitoring of ligand level and promotes the possibility 
of automation of the assay* 



10 



Currently, a variety of processes are used to 
detect low levels of chemical materials or ligand in 
solution. Radioassays, particularly radioimmunoassays 
(RIA) , are especially useful for biomedical applica- 
tions because of their sensitivity and excellent repro- 
15 ducibility. MAS have been developed which detect 
ligand levels of one nanogram UO" 9 grams) with a 
reproducibility of better than one percent. While 
similar levels of reproducibility have been achieved 
with other assays, radioassays are the assay of choice 
20 because 6E their sensitivity. 

The basis of all radioassays is the specifi- 
city of the reaction between a receptor molecule, e.g., 
an antibody, and the ligand, e.g., an antigen. High 
specificity means that the receptor will react with the 
25 ligand but is substantially unreactive vith any other 
species. Generally, the greater the specificity of the 
ligand/receptor pair, the greater the sensitivity of 
the reaction* 



While all radioassays depend on the 
30 ligand/receptor reaction, a nuaber of radloassay proce- 
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dures have been used to detect ligand concentration in 
samples. In every r.dioassay, .there is a labelled or 
tagged species and an unlabeled species. Labelling or 
tagging means incorporating a radioactive atom into the 
5 molecule either by atonic substitution or by covelant 
borfding. In some cases, a macromolecule may be linked 
to a snail ligand and the radioactive atom is incor- 
porated into the macromolecule. The procedure chosen 
for the radioassay depends, in part, on the properties 
10 of the ligand of interest. If the ligand is easily 
tagged with a radioactive atom, competitive procedures 
whereby untagged ligand in the sample competes for 
receptor sites with tagged ligand are normally used. 
If the ligand is difficult to tag, the receptor, e.g., 
IS the antibody, may be tagged and the procedure chosen 
should include means for differentiating between free 
receptor' molecules and ligand/refceptor pairs. 

Kadioassays are further divided into solution 
assays and solid phase assays* In the solution assays, 

20 receptor molecules and ligan<$s react in solution and 
the separation step differentially precipitates bound 
pairs from free species. Activated charcoal and ammo- 
nium sulfate precipitation are common methods of 
separating bound from free species in solution. The 

25 radioactivity level of either the precipitent or the 
solution can be counted in order to determine ligand 
. concentration. 

Solid phase radloassays were first described 
by Xatt. and his co-workers in ,i967 (see Catt. et al. 
30 Solid Phase Radioimmunoassays; Nature 213i 625-827 
d?67)). In solid phase assays, one species of the 
llgand/receptor pair is bound to a solid support while 
the other constitutes a free species. The bound member 
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can be adsorbed onto the solid, support, e.g., a test 
tube wall, or covalently bound on the support by a chem- 
ical reaction. In either case, a free species tagged 
with the radioactive atom is allowed to react with the 
5 bound member. In conventional techniques, the 

unreacted, labelled free species is separated from the 
bound, labelled free species and, preferably, the solid 
phase is counted for radioactivity. The resulting 
value normally is compared with a standard curve to 

10 determine the concentration of ligand in the sample. 
Conventional solid phase techniques include single and 
double antibody immunoassays. In single antibody tech- 
niques, the antibody is normally the bound species and 
labelled antigen competes with unlabelled antigen for 

15 the antibody binding sites. In double antibody tech- 
niques, antibody is bound to the solid support, 
labelled antibody is a free species in solution and the 
ligand forms a bridge or sandwich between bound anti- 
body and labelled antibody. 

20 Conventional radioassays are non-homogenous; 

that is, they require a separation step in order to 
function. This separation step Is one of the causes of 
inaccuracy and other difficulties in automation of 
radioassays. To combat these problems, a number of 

25 homogenous assays have been developed using non- 

' radioactive techniques. One such technique is the spin- 
immunoasaay as described by Leute et al, 
Splnimmunoassay Technique of Opiate Narcotic in Urine 
and Saliva, J. Am. Med. Assoc, «1: "31-1234 (1971). 

30 In a spininununoassay, the ligand is attached to a 

stable free radical whose concentration is determined 
by electron spin resonance (esr). Reaction of the 
s'pin-labelled ligand with an antibody diminishes the 
esr reading. The introduction of unlabelled ligand 
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•from a sample causes the spi'h-lehelied ligand to be 
displaced from the antibody, increasing the esr of the 
solution and indicating the ligand concentration of the 
sample- '"..'' 

5 • *" . Another. homogenous technique is the 

fluorescence polarization assay described by Haber et 
al, .Polarization of Fluorescence as a Measure of 
Antigen-Antibody Interaction. Proc. Natl. Acad. Sci.. 
USA 48.: 1935-1942 C1962). In fluorescence polarization 

10 assays, the free radical bound to ligand in the spin- 
immunoassay is replaced with a dye that fluoresces only 
when the" ligand is bound by an antibody. Onlabelled 
ligand reacts with antibody, displacing labelled ligand 
. from the antibody and decreasing the fluorescence of 

15 the solution* The decrease in fluorescence is a 
measure of Jiga^d concentration in the sample.' 

A further homogenous assay is the EMIT or 
Enzyme Multiplied Immunoassay Technique described by 
Bastiani. in The' EMIT System* A Commercially Successful 

20 innovation; Antibiotics and Chemotherapy 2St 89-97 
(1979). the EMIT system has the ligand bound to the 
enzyme proximate to *he enzyme active site. Reaction 
with a antibody stertcally blocks the enzyme activity. 
Addition of free ligand from the sample displaces antl- 

25 body from the enzyrae/ligand complex, causing an 

increase in enzyme activity indicative of the ligand 
concentration' in the- sample. 

ELISA or enzyme linked immunosorbent assay, 
described by Enquall. et al, in Enzyme-Linked Imrauno- 
"30 sorbent. Assay (ELISA), Quantitative Assay of Immunoglo- 
bulin G; Immunbchem. 8: 871-879 CI971) , is another 
nonradioassay' technique which has been used with sue- 



WO 88/04429 A A PCT/US86/02580 



-5- 



10 



cess. ELISA is the enzyme counterpart of previously 
described double antibody technique. Unlabelled anti- 
body is bound to a solid support, e.g., a test tube 
wall, and reacts with a ligand having at least two 
reactive sites. The bound ligand binds the seeond 
antibody labelled with an enzyme and after a separation 
atep, the bound enzyme concentration, indicative of 
ligand concentration, is measured. 

The major problem with the homogenous enzyme 
assays is that the sensitivity of radioassays is batter 
than the sensitivity of enzyme assays. Development of 
a homo-genous radloassay would be a step forward 
because a number of Hgands of interest have very low 
concentration in biological fluids. It -also should be 
15 noted that none of the homogenous assays described 
above is particularly well suited for in vivo ligand 
detection. 

Accordingly, an object of the invention is to 
produce a homogenous radloassay having excellent sen- 

20 sitivity and reproducibility. Another object of the 
invention is to provide an apparatus for performing a 
homogenous radloassay. A further object is to provide 
a process and apparatus adapted for continous ligand 
assay. A still further object of the invention is to 

25 provide a process and apparatus adapted for in vivo 
determination of ligand concentration. Another object 
is to provide « process for ligand detection adaptable 
for automation. A further object is to provide a 
radloassay capable of use for ligand detection in a 

30 nohequilibrium mpde. 

These and other objects and features of the 
invention will be apparent firpm the following drawing 

and the description^ 
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Summary ot the Invention 

The present invention provides both a process 
and apparatus useful for radioassay of ligand. The 
apparatus of the invention is capable of providing con- 
5 tinuoas ligand assay thereby providing the possibility 
of automated assay. 

The invention features an apparatus for 
detecting the presence of the ligand in the sample.* 
The. apparatus includes a reaction chamber containing a 
10 plurality of receptor molecules and a plurality of 

ligand molecules, one of the pluralities constituting a 
free species labelled with a beta particle emitting 
radioactive atom and the other forming * species 
immobilized on a solid support- The ligand molecules 
15 are molecules which can compete with ligand for 

reactive sites on receptor molecules. The apparatus 
further includes an associated sensor responsive to 
incident beta particles from radioactive atoms. The 
associated sensor, which may be fixed relative to the 
20 solid support, generates a signal representative of the 
incident number of beta particles. The sensor is 
responsive only to particles disposed within a given 
region of the chamber; other beta particles emitted 
from the free species are quenched by a quenching 
25 solution, preferably aqueous, within the chamber. This 
quenching solution, which may include the sample and, 
possibly, a chamber medium already in the chamber, 
quenches the beta particles iefpre they travel a 
predetermined distance D. The apparatus also includes 
30 a device for introducing the sample into the chamber, 
preferably a membrane permeable to ligand and 
substantially impermeable, to ligand molecules. If the 
membrane is used as the device for introducing the 
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sanple into the chamber, the- apparatus can be adapted 
for continuous detection of ligand and beta particles. 
Preferably, the ligand molecules are the free species 
and constitute ligand bound to radioactively tagged 

5 macromolecules. The apparatus nay include a device for 
defivering an output signal from the associated sensor 
to a detection apparatus. The apparatus of the in- 

' vention may be roihiturized to form a chamber implant- 
able in an animal body, which is capable of in vivo 
10 detection of ligand. Tor in vivo detection, bodily 
fluid of the animal traverses the membrane and can be 
assayed for ligand concentration. 

The associated sensor preferably includes a 
surface of a material which fluoresces in response to 

15 Incident beta particles. This surface may constitute a 
wall of the chamber and most preferably, the surface 
should be the solid support for the immobilized 
species. The associated sensor may also include a 
device communicating with the surface for detecting 

20 fluorescent events, preferably a scintillation counter. 
If the receptor molecules constitute the free species, 
the ligand molecules may be ligand. 

The process of the invention features a 
multi-step radioassay for detecting the presence of 

25 ligand in a sample. The process uses a chamber 

substantially identical to that described above. The 
ligand molecules and the ligand in the sample compete 
for attachment sites on the receptor molecules and the 
free species difuses about the chamber. A signal 

30 generated by the associated sensor is compared with a 
base value to determine whether the ligand is present 
in the sample. 
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In various embodiments, either the receptor 
molecules or/the ligand molecules can be immobilized on 
the solid support within a distance D of the associated 
sensor while the other plurality" constitutes a free 

- 5 species labelled with the radioactive atoms. During 
the* reaction step, a portion pf the labelled species 
d if uses away from the associated sensor so that a 
portion of the beta particles emitted from the free 
species is quenched by the quenching solution before 

10 reaching the sensor . The. concentration of ligand in 
the sample is a monotonically decreasing function of 
the output signal from the associated sensor. 

In alternate embodiments, the plurality of 
receptor molecules or ligand molecules 'are immobilized 

15 on a solid support at a distance greater than D from 
the associated sensor while the other plurality 
constitutes the labelled free species. During the 
reaction step, a portion of the labelled species 
difiises away from the immobilized species to location . 

20 less than D from the associated sensor. A portion of 

the beta particles emitted from this portion of the 
.free species is detected by the sensor and the concen- 
tration of ligand is a monotonically increasing 
function of the output signal of the sensor. If the 

15. receptor -molecules are the free species, the ligand 
molecules can be ligand. 

Since the reaction between the ligand 
molecules and receptor molecules is an equilibrium 
reaction, a portion of the ligand molecules may react 
30 with the receptor molecules prior to the introduction 
of the sample into the chamber. This may increase 
assay sensitivity. It should be noted that it is also 
possible to use the process under nonequilibrium 
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w _^«4. nrafarred embodiment o£ the 

the ligand constitutes antigen. 

Th« invention further feature, an apparatus 

of an aqueous sample. The appara- 

! hata particle* which delivers to the 

to incident beta panic*" ( .>(Mtlv« to 

exterior of the chamber an output signal indicative 

! IV oreferably a semipermeable membrane permeable 
chamber, preteraoiy • r n a and mole- 

t0 ligand and substantially impermeable to ligand mole 

0 ules The semipermeable -mbrane «<-«Wi*«b^ 
tween ligand and ligand molecules based on « property 

!h„ size or charge. Most preferably, the semiper- 
such as size or cn« g chamber, 
neable membrane forms a portion of a wall ot 

«.»1. includes a solution capable of 
The aque o US s mple inclu ^ ^ ^ 

auenching a Beta p« ul '* e 

predetermined distance D within the solution. The 
distance D. Preferably, the device " 

— r :;::.rr r r 

surface to a scintillation counter. The chamber can be 
35 Efficiently small to be implantable in an an m.l 
body to provide a continuous, in vivo assay to ligand 
concentration in the body fluio. 
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Brief Description of the DraVtng 

Fig. 1 i* a schematic diagram of an apparatus 
of the indention at a time t fl before introduction of • 
the ligand. The apparatus has the receptor molecules R 
5 as 'the immobilized specie* b°«" d : to * wal1 of 

chamber at a distance less than the quenching distance 
D from the beta particle detector. A portion of the 
labelled ligand molecule ; s LM* are Illustrated as bound 
to. the receptor, moleculesj 

10 Fig. 2 illustrates the same system as Pig. .1 

a.t a time t 2 after introduction of the llgandj 

Fig. 3 Illustrates apparatus identical to 
. that/of Fig. 1 at t 0 except the ligand molecules LM 

are the immobilized species while the receptor 
15 molecules R* constitute the.. labelled free species, 

Fig. 4 illustrates the same system as Fig. 3 
at time fc 2 ; . . 

Fig. 5 illustrates an apparatus identical to 
that of Tig. 1 at time t n except the receptor molecules 
20' R are immobilized at a position greater quenching than 
distance p frpm the beta particle detector* 

Fig. 6 illustrates *he same system as Fig. 5 
■at time t^; ' 

Fig. 7 illustrates apparatus identical to 
25 Fig: 3 at time t^ except the ligand molecules LM are 
immobilized at a distance greater than » from, the beta 
• particle detector; 
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Fig. 8 illustrate* the same system as Fig. 1 
at tine t^; and 

Fig. 9 is a schematic drawing of » preferred 
embodiment of the invention, a chamber having two 
semipermeable membranes, the apparatus adapted for 
continuous assay of ligand concentration in • fluid 
stream. 
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Description" 
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The present invention provides a process .and 
apparatus capable of performing radioassays, e.g., 
MX*, on a continuous basis. The invention is based, 
5 in part, on recognition that the quenching properties 
of solutions can be used to differentiate between bound 
and free labelled molecules, thereby permitting 
elimination of the separation step, required by 
conventional radioassays. Elimination of the 
separation step allows the radioassay to be used for 
" determining ligand levels of continually changing 
samples/ e.g.. blood. Automation of the assay is 
. easier since all tests are performed on homogenous 
samples. • . 

15 As previously noted, radioassays are based on 

the specificity of the llgand/receptor reaction. The 
' more sensitive radioassays haVe ■ receptors with 
substantially similar specificity for ligand and ligand 
. molecules. Since the ligand and ligand molecules 

compete for attachment sites bh receptor molecules, the 
concentration of ligand involution is a function of 
the number of radioactive particles incident on the 
dewctor. As-long -as *he amount of ligand in solution 
is approximately equal to the amount of ligand 
molecules, the concentration of ligand in the unknown 
is a mbnotonic function of the detector output. 

Radioactive atoms useful for radioassays emit 
primarily gamma and beta particles. While a number of 
radioassays use gamma emitters, e.g., Ji as the 
30 radioactive atom, the energy of many gamma particles is 
too high for use in the present invention because the 
quenching distance of the gamma particles in aqueous 



20 



25 
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aolutions is to* great. However, beta particles 
emitted by radioactive atoms normally have lower energy 
and can bo quenched by aqueous solution! within 
reasonable distances, normally on the order of one 
5 mllimeter. Table I illustrates the maximum energy, the 
mafimum range and the geometric efficiencies at various 
distances for the two beta emitters most commonly used 
in RIAs, tritium and carbon-14t 



TABLE X 



10 ».di»nucleide E n (8eV) j^lO^o) E,"00 »nq»trons) yiO^anqstroms) 

3 H 0.0816 15 0.23 • 0.00 

14 C o.X$« 40 0.30 0.00 

The maximum energy (EJ is the end point or 
highest energy of the energy spectrum of emitted 

15 particles from the radioactive atom and is normally 

measured in MeV. The maximum range <r B > is the maximum 
distance that a beta particle of energy E B will travel 
in an aqueous solution. This value is illustrated in 
micrometer. (10"*m or 10 4 angstroms). The geometric 

20 efficiency IE I is the fraction Of the emitted beta 
particles having energy E n that will reach a detector 
from the given distance in an aqueous medium. 

As may be seen from Table 1, 23» of the beta 
particles emitted by tritium ( 3 H) end 301 of the beta 
25 particles emitted by earbon-14 ( 14 C) will reach a 
detector from 100 angstroms while substantially no 
particles will travel 10 7 angstroms (1mm) in the same 
medium. In other words. 70-711 of the emitted 



WO 88/04429 



PCT/US86/02580 



-14- 



particles are quenched by. passage through 100 angstroms 
of aqueous medium while a lnm passage quenches 
substantially all of the particles. The 100 angstroms 
distance is chosen since the radioactive atom of a 
5 reacting ligand molecule/receptor molecule pair is 
. constrained to be the within 100 angstroms of the 
detector surface- if one of the pair is bound to the - 
surface. If the radioactive atom-containing free 
species does. not react with the immobilised species, 
10 the unreaeted free species Will diffuse about the 
chamber until an equilibrium distribution is reached. 
At the equilibrium distribution, only a small portion 
of the unreacted free species will be within 1mm of the 
detector so if the immobilized species is bound to the 
15 surface adjacent the detector, substantially: all of the 
particles incident on the detector will be from the 
Immobilized species.. On the other hand, if the 
immobilised species is bound at a distance greater than 
the quenching distance from the detector, only the 
20 particles emitted by radioactive atoms within the 
quenching distance will reach the detector. In this 
manner, the quenching of the beta particles by aqueous 
solutions allows elimination of the separation step 
required. in conventional radioassays. 

25 The figures described herein, are purely 

: illustrative and are intended merely to assist, in 
showing the efficacy of the invention. These figures 
are schematic* and no attempt has. been made to show the 
chamber to scale* 

30 . pig t 1 and 2 illustrate the same system. at 

two. different times f Fig. 1 illustrates the system at 
t- before introduction of the sample containing ligand 
L° while Pig. 2 illustrates the apparatus at tine .tj 
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after ligand L has competed with the radioactive 
labelled ligand molecules LM for binding sites on the 
receptor molecules R. Specifically, the receptor 
nolecules R form an immobilized species bound to a wall 
5 12 of the chamber 10 adjacent to the beta particle 
detecting means 14. Detecting means 14 consist, of 
fluorescent surface 16, optical fiber 18 and 
scintillation chamber 20. Incident beta particles from 
bound ligand molecules LM* strike surface 16 which 
10 fluoresces and the light emitted by the fluorescent 
event is transmitted by optical fiber 18 to 
scintillation counter 20 where an electrical output 
signal is generated. At time t Q (Fig. 1), aome ligand 
nolecules LM* are a free species in aqueous^solution 22 
15 but the majority of the ligand molecules LM are bound 
to receptor molecules R. The star (*) indicates that 
the molecules contain the radioactive atom. Reading 24 
on counter 20 is high in Fig. 1 because the bound 
ligand molecules are within about 100 angstroms of 
20 surface 16 so a large portion of the beta molecules 
emitted are not quenched by solution 22 and are 
incident on fluorescent surface 16. 

A sample containing ligand L is introduced 
into chamber 10 through a sample input port 26 at a 
25 time t,C t 0 <t,<t 2 l and displaces a portion of ligand 
molecules LM from the bonding sites on receptor 
nolecules R. The reaction between the receptor ^ 
molecules R and the ligand L or ligand molecule LM is 
an equilibrium reaction so the amount of bound ligand 
and bound ligand molecules are functions of their 
concentrations. It is assumed that the specificity. 
I.e., the equilibrium constant, for the lig and/receptor 
and ligand molecule/receptor pairs is approximately 
equal, however, by comparing the output values from 



O 
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scintillation counter 20. with the standard curve made 
by serial dilution of a known ligand sample, the ligand 
concentration of the uftfcnown can be determined even if 
there is a disparity in specif icf ty. 

5 » Fig. 2r illustrating a time t 2 after 

introduction of the sample, shows there is competition 
for binding sites on receptor molecules R between 
ligand L arid'Hgand molecules LK*. A portion of the 
ligand molecules LM* is displaced from the binding 

10 cites on receptor molecules R arid diffuses away from 
fluorescent surface 16- The beta particles emitted by 
these iigand molecules LM* are quenched by solution 22 
leading; to a reduction in fluorescent events At 
fluorescent surface 16 and thereby a reduction in 

15' reading 24. 

Pigs. 5 and 6 represent a similar apparatus 
except the receptor molecules R are the free species 
labelled with the radioactive atoms and the ligand 
molecules Ltt are the species immobilized on wall 16 

20 adjacent to fluorescent surface 15. At time^t 0 r (Pig. 
5)., the majority of the receptor molecules R are bound 
ito the ligand: molecules LH adjacent to fluorescent 
surface 16. At time t 2 (Fig- 6)* a number of receptor 
molecules R* are stripped from the ligand molecules 

25 LH and react with ligand L in solution. A portion of 
. tfce K /L pairs diffuses away from surface 16 and the 
number of beta particles incident on surface 16 
decreases leading to a decrease in fluoreecfent events 
at surface 16 as reflected by a decrease in reading 24. 

30 Figs. 3 f 4, 7, And 8 have a chamber 10 r 

.substantially similar to that illustrated in Figs. 1# 
2, 5,. and 6, except the immobilized species is bound to 
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a wall 12' displaced from surface 16 by distance 
greater than the quenching distance D of the beta 
particles in solution 22. In Figs. 3 and 4, the 
receptor molecules R constitute the immobilized species 
5 and the ligand molecules LM* form the labelled free 
sp*ci«s. Before introduction of the sample (Fig. 3), a 
significant portion of the ligand molecules LM* are 
bound to the receptor molecules R causing reading 24 to 
be low since few labeled ligand molecules LM are 

10 within distance D of fluorescent surface 16. Upon 

introduction of the sample (Fig. ^4), ligand L displaces 
a portion of ligand molecules LH* are bound to receptor 
molecules R and reading 24 is low. Introduction of 
ligand L strips LM* molecules from the binding sites of 

15 receptor molecules R, and the concentration of ligand 
molecules LM* in solution increases. The increase in 
concentration of LM* in solution causes diffusion of 
ligand molecules LM* about chamber 10* and more 
labelled ligand molecules LM enter the region within 

20 quenching distance D of fluorescent surface 16. Since 
more ligand molecules LM* are within the area where the 
emitted beta particles are not quenched, the number of 
beta particles incident on fluorescent surface 16 
increases, causing reading 24 to increase. 

25 Figs. 7 and 8 illustrate exactly the same 

situation as Figs. 5 and 6 except the ligand molecules 
LM constitute the immobilised species and the receptor 
molecules R* form the labelled free species. The 
addition of ligand L to the solution (Fig. 8) strips a 

30 portion of the labelled receptor molecules R from the 
immobilized ligand molecules LM and a portion of the 
R*/L pairs diffuse to within the quenching distance D 
of surface 16. Therefore, a larger portion of^the beta 
particles emitted from labelled free species R are 
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incident on surface 16 and reading 24 increa^ 
. indicating an increase in : ligand. L concentration. 

In all- of- the cases previously described, the 
preferred ligand L is an antigen and preferred receptor 

5 raotecule is an antibody. The most preferred means of 
- introducing the ligand into. the chamber, that is. the 
preferred input port 26. is a membrane permeable to the 
ligand but substantially impermeable to the free 
species. The ligand molecules c £ n either be ligand, a . 

10 ligahd-tnacromolecule complex or £ distinct,. 

cross-reacting species. If the receptor molecules 
constitute the. immobilized, species, the preferred 

• ligand molecules ace a ligand-mtcromolecule. complex, 
with either the ligand itself cr the macromdlecule 

15 tagged with the radioactive atom. 

Fig. 9 illustrates a nost preferred 
embodiment of the invention; an implantable chamber 
useful for continuous in yj*o *esay of ligand level. 
' .Chamber 110 has semipermeable" nembranes 130 and 132 
20 forming portions of walls 134 rnd 136 respectively. 

• Membranes I3.q-.and 132 are pem^ble to ligand L and 
substantially impermeable . to "tha labelled ligand 
molecules LM*« Receptor molec ^ R are immobilized on 
wall 112^ Beta, particle detector 114 includes 

25 fluorescent surface 116, .optica fiber .11 B and 
scintillation counter 120. tie. ? illustrates a 
preferred embodiment whereby fluorescent surface 116 is 
adjacent to wall 112 and eralU light in response to 
incident beta particles. Optical fiber 118 carries the 

30 light impulses from surface 116 to scintillation 
counter 120, producing a readme 124, 

In this embodiment, ligand L in solution 
flows through membrane 130 anf ceacts with receptor 
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molecules R, displacing ligand mplecules LM . 
Displaced ligand molecules LM* diffuse away from 
surface 116 thereby decreasing the number of beta 
particles incident on surface 116 and, consequently, 
5 decreasing reading 12<. Since any change in the 
concentration of ligand L is reflected in the 
proportion of ligand molecules LM bound to receptor 
molecules R and, therefore, reading 124, this apparatus 
is adapted for continuous assay of ligand 

10 concentration. Aguecr- solution 122 quenches beta 

particles emitted frc:\> ligand molecules which are about 
1mm from surface 116 (see Table I), so the apparatus 
can be miniturized end implanted in animal body, e.g., 
using a catheter. Labelling of the free species with 

15 either tritium or carbon-14 is possible. 

Unreacted ligand L flows througb chamber 110 
anfJ exits through membrane 132. Since the amount of 
ligand L which actually reacts with receptor molecules 
R is relatively small, the assay will not seriously 

20 effect the total concentration of ligand L in the 

animal body. This P^I^rty of the assay allows the use 
of the apparatus for detection of drugs or other 
ligands or antigens <*. animal body without removing 
a significant portion ol the ligand from the fluid 

25 stream. 

The preferred method of determining the 
concentration of lig.'.-rr in the sample is by comparing 
the output reading frort the beta particle detector with 
a standard curve. The standard curve is often prepared 
30 by serial dilution of known ligand solutions and 

plotting the bound/z^ro reading ratios versus the log 
of concentration of i:,z ligand. The standard curve 
will normally be the familiar sigmoidal shape common to 
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othec radioassays, e.g., KT/£s» The use of a standard 
" curve permits. quicH determination o.f llgand 
concentration. - 

As previously stated, the high specificity of 
5 the" iranune reaction makes the antigen/antibody pair the 
preferred ligand/rtceptor for use in this process and 
apparatus. However, any other pair having high 
specificity may be used. Those skilled in the art will 
appreciate that other variations of the process and 
10 apparatus described herein are useful for practice of 
the invention. Such other variations are incurred 
vithin the following claims. 

What is claimed .is: 
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1. A radioassay process for detecting the 
presence of a ligand in a sample, said process 
comprising the steps oft 
5 a, providing a chamber and an associated 

sensor means for generating a signal representative of 
the number of beta particles emitted by radioactive 
atoms incident thereon, said chamber containing i 

(I) a plurality of receptor molecules capable 
10 of coupling with said iigandj and 

(ii) a plurality of ligand molecules capable 
of coupling with said receptor molecules, at least one 
of said pluralities of receptor molecules and. ligand 
molecules being a species immobilised on a stolid 
15 support within said chamber, the others of said 

pluralities of receptor molecule's and ligand molecules 
comprising free species labeled with radioactive atoms 
which emit beta particles; 

(iii) a chamber medium » 
20 (iv) means for fixing the position of said 

sensor means with respect to said support: 

B. introducing a solution containing said 
sample int.- said chamber, said solution and said 
chamber medium comprising a quenching solution adapted 

25 to quench substantially all beta particles emitted by 
said radioactive atoms befdre said particles travel a 
predetermined distance D| 

C. alloying ligand in said sample and ligand 
molecules to compete for sites of attachment on said 

30 receptor molecules and allowing said free species 

within said chamber to diffuse about said solution; and 

D. detecting said signal generated by said 
sensor means while said solution and said free species 
remain within said chamber ana comparing said signal 
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with a base value to detect ■ the presence of ligand in 
said sample. • 

2. Th« process of claim 1 wherein said 
• plurality of receptor molecule* are .immobilized on said 
5 solid: support at a location within £ distance D of said 
sensor means, said ligand molecules rre labeled with 
said radioactive atoms, and c ring iter C, a portion of 
said ligand molecules diffuu away i're:.. said 
imm'ooilUed receptor molecule: where';- it least a 
10 portion of the" beta particle - cmittr- «. said 

radioactive, atoms are quenched by said solution before 
' reaching said sensor means, . - cone tion of ligand 
in said sample is a monotonicrlly decreasing function 
of said signal. 

£5 3, The process of claim J vh^rein said 

plurality of receptor molecules are immobilized on said 
so ; ild support at a location in said chamber spaced 
apart from said sensor mean? by a cictance greater than 
D, said ligand molecules arc labeled vith said 
20 radioactive atoms, and duri / step c r i portion of said 
ligand molecules diffuses v <. .y fro:. ll-LL immobilised 
receptor molecules to a loc Hon lc- thr.n a distance D 
from said sensor means what . a* : • « - portion of 
. said beta particles emittec by said rccioactive atoms 
25 in s*id portion of ligand mlaculet i-rc detected by 
said sensor means, the cone .trati,- rf said ligand in 
said sample is a monotonia lly increasing function of 
said signal. 

4, The process of claim 1 wherein said 
30 plurality of ligand molecu. 1 -- are ?r-^ilired on said 
solid support at a location rithin : >.:'; tance D of said 
sensor means, said receptor i..olecuIu. ^re labeled with 
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said radioactive atoms, and 'during step C, a portion of 
said plurality of receptor isclcculcr diffuses away from 
said immobilized iigand molcccl.Lt vl.eireby at least a. 
portion of the beta particle:: t. ...iatt by said 
5 radioactive atoms zve quenched by ctid solution before 
reaching said senror, and the cor.-r.t ration of ligand 
in faid sample is e, monotonia My i t casing function 
of said signal. 

5. 'The process of ■ .' : therein saic 
10 plurality of ligan* molecule ire bilized on .< -id 
solid support at r location in rrld chamber spaced 
apart from said sensor meant by a distance greatti than 
D, said receptor nolecules are led said radioactive 
atoms, and during step C, a portion of -said plurality 
15 receptor molecules diffuses away from said immobilized 
ligand molecules to a locate.. ^an D from s.id 

sensor means whereby at Matt -~~ the beta 
particles emitted by said raoioECtivt atoms ere 
incident on said sensor mean::, the concentration ox 
20 said ligand is t :..onotonic; .'• ' . : . . : inr functifr. of 
said signal. 



6. Th ; - process c 



r: sal/ 



chamber further ccraprises t r. .;.'-:.. r- pcrr-e^ble to Liid 
ligand and substantially ir. !r "rid free 

25 species. 

7. " Tlu rrocess i' f ''herein sair free 
species comprise: said ligr • r:5-r!fr coupled vith 
radioactively tscged macromoleculcs. 

8. Tlv.. process rc.vn sal-: 

30 process is a continuous process for detecting ligand. 
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9". The process of- claim 6 wherein said 
process comprises the additional step of implanting 
• said chamber within an animal body and allowing a fluid 

in said animal body comprising said sample to traverse 
5 said membrane. 

•10. The process of . claim X wherein said solid 
support comprises a wall of *aid chamber. 

llr the process of claim 1 wherein said 
quenching solution is an aqueous solution. 

10 12. The process of claim 1 wherein said 

aenaor means comprises a surface comprising a, material 
which fluoresces in response to incident betfe 
particles. 

11> The process of claim 12 further 
15 comprising rteans communicating with said surface for 
detecting fluorescent events at said surface. 

14. The process of claim 12 wherein said 
fluorescent material i* coated on a first wall of said 
chamber. 

20 15. The process of claim 14 wherein said 

solid support comprises sa^d fitst wall. 

16. The process Of claim 1 wherein a portion 
of said iigand molecules r*ac*t with said receptor 
molecules before the introduction of said sample into 
.25 said chamber* 

r. It. The process of claim 1 wherein said 

ligand comprises an antigen and said receptor molecule 
comprises an antibody. 
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18. The process of, claim 4 wherein said 
ligand molecules comprise ligand. 

19. The process of claim 5 wherein said 
ligand molecules comprise ligand. 

5 20. Apparatus for detecting the presence of a 

ligand in a sample, said apparatus comprising t 

a reaction chamber containing a plurality of 
ligand molecules and a plurality of receptor molecules 
capable of coupling with said ligand and said ligand 

10 molecules, one of said plurality of receptor molecules 
and said plurality of ligand molecules being a species 
immobilized on a solid support disposed within said 
chamber, the other comprising a free species- labeled 
with radioactive atoms which emit beta particles? 

15 associated sensor means responsive to 

incident beta particles emitted from the radioactive 
atoms of said free species disposed within a given 

region of said chamber; 

a solution within sajid chamber capable of 

20 quenching beta particles before said particles travel a 
distance D within said solution; and 

meanr for introducing said sample into said 

chamber. 

21. The apparatus of claim 20 for continuous 
25 detection of said ligand wherein said means for 

introducing comprises a membrane permeable to said 
ligand in said sample and substantially impermeable to 
said ligand molecules. 

22. The apparatus of claim 21 wherein said 
30 apparatus is adapted for continuous detection of beta 

particles'. 
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23. The apparatus *pf claim 21 wherein said 
free species comprises said plurality of ligand 
molecules and said plurality of .ligand molecules 
comprise radioactively tagged raacromolecules* 

5 24. The apparatus bf claim 20 wherein said 

sample comprises a portion bf said solution. 

25. The ^np^ratus of claim 20 wherein said 
associated sensor r,:r.nr comprises a surface comprising 
a material which fluoresces in response to beta 
10 particles + 

26 t The apparatus of claim 25 further 
comprising means cc™unicating with said surface for 
detecting . fluorescent events at said surface. 

27. The apparatus of claim 25 wherein said 
15 fluorescent materia:! is coated on a first wall of said 
chamber. 

20, The fpprrctus of claim 27 wherein said 
solid support comprises said first wall. 

29* The c;_*..LilLus of claim 26 wherein said 
20* means for detecting fluorescence comprises a 
scintillation counter. 

30* The apparatus of claim 21 wherein said 
apparatus is adapted ior in vivo detection of said 
ligand and compris. .. : .:: implantable chamber and means 
25 for delivering an output signal from said associated 
- sensor means. 
* ** 

31. The apparatus of claim 2Q wherein said 
receptor "molecules cr^—ise said free species and said 
ligand molecules co;.pr>.rc ligand. 
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32. Apparatus for 'continuous assay of a 
ligand in an aqueous sample* said apparatus comprising: 
means defining a chamber; 
a solid support adapted for immobilizing a 
5 member selected from the group consisting of a 
plirrality of ligand molecule^ and a plurality of 
receptor molecules capable of *eversibly binding with 
said ligand and said ligand jnolecules, said solid 
support being disposed within said.chamber at a first 
10 location; 

a beta particle detector in communication 
with said chamber at a second location, said detector 
comprising means for delivering to the exterior of said 
chamber a signal indicative of the number of beta 
15 particles detected by said detector; and 

neans for introducing an aqueous sample into 
said chamber, said aqueous sample comprising a solution 
capable of quenching a beta particle before said beta 
particle travels a distance D in said solution. 

20 33. The apparatus of claim 32 wherein said 

first location is less than a distance D from said 
second location* 

34. The apparatus of claim 32 wherein taid 
first location is spaced apart from said second 

25 location by a distance greater than D. 

35. Th* apparatus of claim 32 wherein said 
beta particle detector comprises a surface comprising a 
material which fluoresces in response to incident beta 
particles. 

30 . 36. The apparatus of claim 32 wherein said 

rieans for introducing comprises a semipermeable 
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roerabrance permeable to ligarid contained In said sample 
and substantially impermeable to ligand molecules 
• contained. within said chamber* 

37. The apparatus of claim 36 wherein said 
5 membrane is disposed to form a portion of a wall of 

said chancer. ' . 

38. The apparatus of claim 35 wherein said 
means for communicating comprises an optical fiber. 



10 



39. The apparatus of claim 32 further 
comprising a scintillation counter connected to said 
means- for communicating and exterior to said chamber. 
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